Background Surgical hip dislocation allows for a 360°v iew of the acetabulum and may facilitate a reduction in selected acetabular fractures. To our knowledge there is no description in the literature of the different techniques used to reduce acetabular fractures through this approach. The aims of this study are to describe a technique of hip surgical dislocation to treat a variety of acetabular fracture patterns and to ascertain the early results with this technique,
including the quality of fracture reductions achieved, clinical results, operative time, and complications such as avascular necrosis and heterotopic ossification. Description of Technique The procedure involves digastric trochanteric flip osteotomy and safe dislocation of the femoral head, preserving its vessels. T-type, transverse fractures alone or associated with posterior wall could be reduced with specific clamps and reduction adequacy can be judged by direct view. Anterior column fixation could be performed with one or two screws; the posterior column could be fixed with a single posterior plate or with two plates if a transverse fracture is associated with a posterior wall fracture. Methods Between 2005 and 2011, we used this approach selectively to manage those types of fractures; during the period in question, we treated 312 acetabular fractures surgically, of which 31 (10%) were treated using this approach. Patient demographic, injury, and surgical variables as well as complications were recorded. Outcomes were evaluated with the Merle d'Aubigné and Postel system. Radiographic outcome was scored according to Matta's criteria on postoperative radiographs (AP and Judet views). Minimum followup was 24 months (mean, 43 months; range, 24-87 months). Results Fracture reduction was defined as anatomic in 65% cases, imperfect in 16%, and poor in 19%. Mean Merle d'Aubigné score was 15 points (out of 18, with higher scores being better). Two patients developed symptomatic femoral head avascular necrosis.
Introduction
Open reduction and internal fixation remains the treatment of choice for most displaced acetabular fractures, and longterm results are largely related to the quality of the reduction of the fracture, particularly at the level of the weightbearing articular surface [15, 16, 22, 27, 28] . Even a small (1-mm) articular incongruence has been reported to lead to deterioration of the fractured articulation in a short time [26] .
The goal of the treatment of a displaced acetabular fracture is to achieve anatomical reduction. The majority of fractures can be treated through a single standard exposure, but each approach allows only a partial view of the acetabulum. For example, through a standard approach like Kocher-Langenbeck, intraarticular control of the fracture reduction is poor, even if capsulotomy is performed to better visualize the dome [39] ; furthermore, direct intraarticular reduction control is nearly absent with the ilioinguinal and the Smith-Petersen approach [22] .
For complex fractures, extensile modifications or combined approaches are proposed to make reduction easier [21, 22] , but the use of combined or extensile approaches has been criticized because they are associated in some reports with a high rate of complications, including infection, heterotopic ossification, and muscle weakness [1, 7, 12-14, 18-20, 37, 43, 44, 46] .
The surgical dislocation technique popularized by Ganz et al. [8] for the treatment of femoroacetabular impingement (FAI) allows a 360°view of the acetabulum and may be helpful to achieve an anatomic reduction of the anterior and posterior column while avoiding combined or extensile approaches. This technique is based on the anatomical description of the course of the ascending branch of the medial circumflex artery and allows for complete visualization of the inner acetabulum with a low risk of avascular necrosis of the femoral head [10] . In 2002, Siebenrock et al. [38] reported the first 12 cases of surgical hip dislocation, concluding that this approach allows better assessment of the reduction in cases of transverse fractures alone and transverse fractures associated with posterior wall fractures. However, to our knowledge, there is no description in the literature of the different reduction techniques for different types of fractures.
The aims of this study are to describe a technique of hip surgical dislocation to treat a variety of acetabular fracture patterns and to ascertain the early results with this technique, including the quality of fracture reductions achieved, clinical results, operative time, and complications such as avascular necrosis and heterotopic ossification.
Surgical Technique
The surgical approach has been previously described by Siebenrock et al. [39] . In this article, we offer an abbreviated description of the approach, a description of reduction techniques, and a surgical video (Video 1). Either Gibson or the Kocher-Langenbeck approach could be used: in this case series, the Kocher-Langenbeck approach was used because it allows more space for the positioning of posterior clamps; however, the developers of this technique prefer the Gibson approach because it preserves the gluteus maximus muscle.
Trochanteric flip osteotomy is executed to obtain a fragment containing the insertion of the gluteus medius, vastus lateralis, and long tendon of the gluteus minimus muscles. To ensure that the major part of the piriformis tendon remains on the stable part of the greater trochanter, a small part of the most posterior portion of the gluteus medius tendon should be initially kept attached to the trochanter and sharply cut after osteotomy. Only then is the superior border of the piriformis tendon dissected near the trochanteric insertion and the interval between the gluteus minimus and the piriformis muscles is isolated. This interval is safe regarding the risk of damage to the deep branch of the medial circumflex artery. The osteotomized trochanteric fragment is then flipped and slid anteriorly after releasing the origin of the gluteus minimus; débridement of the gluteus minimus could be performed at this stage if necessary (gluteus minimus injuries are very common in acetabular fractures). An anterosuperior capsulotomy (Z-shaped) is performed when the capsule is intact or completed if there is a partial capsular rupture. The femoral head is dislocated anteriorly through adduction and external rotation of the leg. With manipulations of the leg, the acetabulum is visualized and the surfaces of the fragments are cleaned of debris. After relocation of the femoral head, destroyed muscle tissue is débrided and the external fracture lines are visualized. Thereafter, it must be decided whether fracture manipulation and fixation can be executed without myotenotomy of the external rotators. If the tendons have to be cut, this should be done at a minimal distance of 2 cm from the posterior trochanteric crest. The obturator externus tendon should be preserved in all events so as not to damage the deep branch of the medial femoral circumflex artery. The posterior wall and column are now exposed and posterior lines of the fracture could be easily visualized. Next, a direct reduction maneuver is performed based on the fracture type. For a transverse fracture/transverse plus posterior wall fracture, fracture reduction can be achieved with several techniques; the easiest method is obtained using two 3.5-mm Jungbluth clamps (Matta Pelvic System-Stryker Trauma AG, Selzach, Switzerland) with the first one placed in the anterior column and the second in the posterior column ( Fig. 1) . In juxtatectal and transtectal transverse fractures, the anterior column clamp could be easily placed above the anterior rim of the fracture, whereas infratectal fractures do not allow for easy placement of the anterior clamp; therefore, a posterior Jungbluth clamp and a 3-mm Schanz screw (Matta Pelvic System-Stryker Trauma AG), drilled into the anterior column, could be used.
The second posterior clamp could be placed between the area of bone above the roof and the posterior border of the greater sciatic notch or the angle thereof (depending on the site of deattachment). If a Gibson approach is used, the posterior clamp ( Fig. 2 ) is often placed closer to the posterior wall to avoid excessive tension of the fascia. Reduction of a transverse fracture with two Jungbluth clamps is commonly obtained by pushing the inferior part of the pelvic brim outward and downward (Video 2). Occasionally, a supplementary Schanz screw in the ischial tuberosity could be useful to increase the derotation of the fragment. Interfragmentary compression of the transtectal fractures was sometimes achieved with a Matta clamp inserted in the greater sciatic notch. After reduction, fixation is achieved with one or two 3.5-mm cortical screws inserted along the axis of the anterior column. The entry point is situated at least 3 to 4 cm above the roof of the acetabulum along the anterior pillar of the iliac wing. The area of a possible point of entry is a circle approximately 2 cm in diameter; a guide could be used to avoid muscle injuries. The direction of the screw could be checked by touching the medial aspect of the iliopectineal eminence from behind the posterior column and by direct vision of the articular surface. In obese patients or those with big muscles, correct screw direction could be hard to find: the drill tends to go medially and anteriorly; therefore, the fracture could sometimes only be fixed with a few millimeters of screw engagement medial to the fracture line. Then, the head is relocated, and posterior plating for the posterior column is performed with the commonly used technique described by Letournel and Judet [22] . If necessary, the posterior wall is reduced before the posterior column fixation, as commonly performed during the Kocher-Langenbeck approach. In those cases, a second more lateral plate for fixation of the posterior wall could be used to fix the fragment after the posterior column fixation. The femoral head is dislocated again to check the reduction (sometimes, although the extraarticular surface looks reduced, imperfect reduction of the articular surface is found) and to be sure that no intraarticular screws are placed.
In T-shaped fractures, the reduction could be performed by transforming the T fracture into a simple transverse fracture: the two columns can be reduced distally to the transverse fracture with Schanz screws inserted in the ischial tuberosity and in the anterior column; temporary fixation of the columns distal to the fracture is then achieved by inserting one or two Kirschner wires from posterior to anterior. Final reduction and fixation can then The Jungbluth clamp should be placed according to the direction of the fracture rim; in this case, the anterior column Jungbluth clamp was in the standard location, whereas the posterior Jungbluth clamp was placed closer to the posterior wall to obtain better control of the fragments (in this surgical image of a right acetabular fracture, the head is dislocated anteriorly then moved medially and inferiorly to achieve a better view of the reduction). be achieved as previously described for transverse fractures. We used this reduction step only in a few cases (three of 10 patients). In the other cases, the reduction of the anterior column had been challenging when the reduction of the columns was attempted separately; its reduction to the upper healthy part of the acetabulum can be facilitated either by a Schanz screw used as a joystick inserted into the anterior column through the articular cartilage of the inner lower part of the acetabulum (Fig. 3 ) or by using a collinear clamp (Synthes, Paoli, PA, USA) inserted through the vertical branch of the T (Fig. 4) . In our experience, the collinear clamp could be very helpful for achieving good reduction without limiting the working space ( Fig. 5 ). Fixation is achieved by one or two 3.5-mm screws inserted into the anterior column, as described before. Reduction and fixation of the posterior column are achieved according to the standard technique, then the femoral head is dislocated again to check the reduction and to ensure that no intraarticular screws are placed.
The head is relocated in the acetabulum, positioning sutures are applied to the retinaculum and capsule without any tension, and then the trochanteric fragment is fixed with two or three screws [38] .
Materials and Methods
Between 2005 and 2011, we used this approach selectively to manage T-type fractures, isolated transverse fractures, or those associated with posterior wall fractures; during the period in question, we surgically treated 312 acetabular fractures, of which 31 (10%) were treated using this approach ( Table 1) . Before that, the surgeon involved had experience with this approach for other indications, including 40 cases of FAI and 21 cases of slipped capital epiphysis [25] . At the beginning of our learning curve (the first 3 years of this study), indications for surgical dislocation included only complex cases. Inclusion criteria were T-type fractures or transverse fractures isolated or associated with posterior wall fractures with at least of one of the following criteria: (1) comminuted roof area stated as not sufficiently reconstructable through either the Kocher-Langenbeck or ilioinguinal approach alone (roof areas with multiple fracture lines or obvious impaction presenting as comminution zones in the CT scans); and (2) delayed treatment (more than 3 weeks from trauma). From the fourth year of the study, our indication for surgical dislocation included all T-type fractures, isolated transverse fractures, and those associated with posterior wall fractures if displaced by more than 3 mm. All fractures were treated by a single surgeon (first author). During the period in question, only 35% of patients with those fracture patterns (34 of 96 patients) were treated using this approach. One patient was lost to followup, and two were excluded from this study for a concomitant fracture of the ipsilateral lower limb. We performed a surgical dislocation in nine other patients who were excluded for a concomitant femoral head fracture. Another exclusion criterion was a followup shorter than 2 years (12 patients were excluded).
The study was approved by the local ethical committee. Patients were asked to give their informed consent to the use of an unconventional approach when eligible according to the selection criteria.
Patient age at surgery, sex, side of injury, blood loss, operative time, and postoperative complications were recorded in a custom-made database. All patients postoperatively received prophylactic indomethacin therapy. The presence of heterotopic ossification was recorded and graded according to the Brooker classification [2] . Patients were retrospectively reviewed for the purpose of this study and outcome was evaluated with the Merle d'Aubigné-Postel scoring system [6] .
The reduction of the fracture was evaluated according to Matta et al.'s criteria [26] by measuring the residual postoperative displacements on the three plain radiographs (AP and Judet views). For each of these radiographs, the maximum displacement seen at any of the normal radiographic lines of the acetabulum or the innominate bone was recorded in millimeters, and the highest of the three values was used to grade the reduction according to one of three categories: anatomical (0-1 mm of displacement), imperfect (2-3 mm), or poor (more than 3 mm). Three surgeons reviewed the postoperative radiographs. In case of disagreement among reviewers, the worst category was used for the final classification. An analysis of interobserver reliability was performed by calculating kappa coefficients with 95% confidence intervals [4] . A kappa value of 1.0 indicates that there is perfect agreement among the reviewers, whereas a value of 0 suggests that the level of agreement is no better than chance alone. A value of less than 0 suggests that there is disagreement among the reviewers, which is the result of more than just chance alone [4] . Minimum followup was 24 months (mean, 43 months; range, 24-87 months).
Results
Fracture reduction was defined as anatomic in 65% of the cases, imperfect in 16%, and poor in 19%. The reviewers showed substantial agreement for the reduction classification; the kappa value was 0.73 (SE 0.12). The mean surgical time was 203 minutes (SD 69) including anesthetic time; the mean incision to suture time was 150 minutes (SD 54), whereas the mean estimated blood loss was 1334 mL (SD 623). Five patients required homologous blood in the operating room.
The mean Merle d'Aubigné and Postel score was 15 (SD 1.8) points; six patients had an excellent result (21%), and 14 patients had a good result (48%), whereas the clinical score was fair in five cases (17%) and poor in four cases (14%).
Two patients developed symptomatic avascular necrosis of the femoral head and presented a transverse plus posterior wall fracture; closed reduction of the traumatic posterior dislocation was performed before arrival to our hospital.
Four patients developed early osteoarthritis and underwent hip arthroplasty after a mean of 20 months (SD 17). Heterotopic ossification was recorded in seven cases; four patients were classified as Stage II and three patients were classified as Stage III according to the Brooker classification. Two patients presented preoperative sciatic nerve palsy and did not recover complete nerve function after surgery; no iatrogenic nerve palsy occurred.
Discussion
Surgical dislocation of the hip has been previously used to treat a variety of nontraumatic hip pathologies, including FAI, slipped capital femoral epiphysis, and Perthes' disease. Several papers show the safety of this technique for nontraumatic pathology [8-10, 25, 32, 35, 40, 41] . Ganz et al. [8] reported their experience using this approach for nontraumatic hip conditions in 213 hips in which trochanteric fixation failed in only three patients, and no clinical or radiological evidence of avascular necrosis was found, demonstrating the safety of this approach. However, to our knowledge, only four [30, 38, 39, 45] case series of surgical dislocation for traumatic injuries appear in the literature; three manuscripts were published by the center where this technique was initially described [38, 39, 45] . We believe that this study is interesting because the safety and efficacy of this technique are yet to be demonstrated when performed by other centers; our results support the reproducibility shown in the only published study [30] performed outside the developers' center.
This study had a number of limitations. First, selection bias and the learning curve could have strongly influenced our results. Although this technique was initially indicated only for complex or multifragmentary cases, not all of the patients with a transverse or T-type fracture were enrolled in the first third of the study (ie, patients older than 55 years were excluded) and indications for this technique were modified during the study period. Second, we also acknowledge that this study comprised a single center and was single surgeon-based. Thus, there is concern about the reproducibility of this technique; the surgeon who performed all surgeries has been trained to perform the technique and has experience either in acetabular fracture treatment through standard approaches or nontraumatic hip disease treatment through surgical dislocation. Our results may not be reproduced by centers without high volumes of acetabular fractures and/or with less experience in this technique for nontraumatic diseases.
Other limitations are the small number of enrolled patients, the absence of a control group, and a short followup. Other patients could develop posttraumatic arthritis over time. One patient has been lost to followup and even a single patient could negatively influence the rate of avascular necrosis. Postoperative reductions were evaluated with radiographs and not with CT scans [29] , which is a major limitation for our conclusions regarding the quality of reduction. Three reviewers with experience in hip surgery but work in the study's institution have evaluated the fractures' reductions; thus, they might have undergraded the postoperative displacements. Avascular necrosis could also be present in more patients, which were not identified because postoperative MRI was not always performed.
The technique itself also has some limitations, and these deserve comment. Importantly, surgical dislocation presents an optimal view of the anterior column but fracture reduction may be challenging when the anterior rim of the fracture is medial to the iliopubic eminence. The lower extraarticular part of the anterior column is often difficult to visualize and the placement of a reduction clamp may be difficult. New reduction clamps may be useful to avoid this problem, because they may be expressly designed for reduction of the anterior column using surgical dislocation.
Another major limitation of this approach is the lateral decubitus position. The prone position, commonly used during the standard Kocher-Langenbeck approach, could neutralize the gravitational deforming forces and may deskill the reduction [5] ; however, in the literature, there is no consensus on this topic [31] .
Another important limitation is the limited ability to achieve fixation of the anterior column. Early stability and good compression of the anterior column can be a challenge with one or two screws.
We briefly describe a comparison between our results and either published papers describing standard approaches or the other four papers' results with this technique. Our rate (65%) of anatomical reduction is comparable to other published studies using standard or extensive approaches; the anatomical reduction rate is reported in the range from 62% to 84% of patients [3, 12, 23, 24, 33, 34, 44] for the easiest patterns of transverse and T-type fractures, whereas in complex cases, it is reported between 14.4% and 68% [20, 33, 36, 42, 46] . A comparison between published results describing surgical dislocation [30, 38, 39, 45] and our study is complicated; for example, in all of the other similar studies, 20% to 33% of patients underwent a second surgical approach ( Table 2) . This could perhaps justify the slightly inferior rate of anatomical reduction that we achieved, but also our learning curve could have affected the presented results.
Our clinical results are also similar to other case series using standard or extensive approaches; Giannoudis et al. [12] , when analyzing 3670 published fractures, showed excellent rates and good results of 86% for transverse fractures, 83% for transverse and posterior wall fractures, and 71% for T-shaped fractures according to the Merle d'Aubigné and Postel grading system. Our results are also comparable with those achieved with the same technique ( Table 2) .
The mean surgical time reported in this case series seems inferior to the operative time reported for extensile approaches and similar or slightly superior to the Kocher-Langenbeck approach; for example, Kinik and Armangil [20] reported a mean surgical time for the extensile triradiate approach of 280 minutes, and Iselin et al. [17] showed a mean surgical time of 202 minutes when performing a Kocher-Langenbeck approach for posterior wall fractures. Further studies are needed to confirm or disprove these results. Regarding osteonecrosis of the femoral head, a recent meta-analysis of 3670 surgically treated displaced acetabular fractures reported an incidence of 9.2% for patients with a posterior dislocation, whereas for patients who did not have a posterior dislocation, this figure was 5% [12] . Our rate (6%) could be favorably compared with those data.
Heterotopic ossification rates described in the literature span a wide range from 7% receiving prophylactic indomethacin therapy [11] to 40% with the extensile iliofemoral approach [12, 46] . Our heterotopic ossification rate (23%) seems to be in line with those results.
Surgical dislocation and fracture reduction through this approach could be challenging. Independent from the surgical technique, acetabular fracture treatment itself is often challenging and, we believe, should be performed in specialized referral centers. However, after a period of appropriate training, surgeons working in a center with a high volume of acetabular fractures could, in our opinion, easily add this technique to their portfolio.
The risk of trochanteric malunion or nonunion after surgical dislocation has been described for elective cases but, so far, not in trauma cases [8] . This is likely a function of there not being very many cases of this approach reported for traumatic indications; there is no reason to believe that the risk would be lower in surgical dislocations performed for trauma. Patients should be informed preoperatively about the possible postoperative risks of trochanteric osteotomy.
In contrast, this approach also presents several advantages; the acetabulum and femoral head may be completely visualized and proper evaluation may be made through a single approach, perhaps reducing surgical time. Direct intraarticular assessment helps to achieve proper reduction, even when free and impacted fragments are present. Furthermore, small intraarticular fragments can be directly visualized and removed. Although traction in a standard Kocher-Langenbeck approach can help the surgeon remove small fracture fragments from within the joint, a direct view using a surgical dislocation allows him or her to perform this step with ease. Fixation of the fracture can be performed under direct vision and the screw placement is monitored to avoid intraarticular penetration; therefore, safe screw placement closer to the articular surface may be achieved. This step could be a challenge in the standard posterior approach in which image intensifier pictures and experience guide the procedure.
In our opinion, surgical dislocation is a safe technique and presents several advantages with respect to the standard approaches for complex cases; however, further studies are needed to confirm our results. We remain interested in learning more about this approach and look forward to larger, multicenter trials to see if our promising initial experience can be replicated.
